frequency shift and insertion losses are greatly improved. The frequency shift reaches 1.33 GHz under 3.7V bias voltage and the insertion losses vary between -2.7 and -7 dB. The filter selectivity is 57 under 3.7 V bias and 39 without bias voltage. If we want to limit insertion losses to 4 dB, the frequency tuning equals 300 MHz, which is two times greater than the filter 3 dB bandwidth (160 MHz).
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Fibre optical wavelength-converter employing cross-phase modulation and low-threshold non-adiabatic Ra man compression
D.A. Chestnut and J.R. Taylor
Cross-phase modulation in highly nonlinear fibre and non-adiabatic Raman compression in dispersion-shifted fibre was employed to switch 20 GHz, 6 ps pulses to 3 ps solitons. Non-adiabatic compression has a low threshold and dispersive waves generated from nonadiabaticity can be removed using a nonlinear optical loop mirror.
Introduction: Cross-phase modulation (XPM) is an optical nonlinearity with many applications in telecommunications including wavelength conversion. One such technique for wavelength conversion involves spectral broadening of a continuous-wave (CW) signal by a spectrally distinct co-propagating pulsed pump and filtering of the broadened signal to yield wavelength-converted pulses. This technique has been demonstrated in both dispersion-shifted fibre (DSF) [ l ] and highly nonlinear DSF (HNL-DSF) [2] . To date most isterest has concemed wavelength conversion into the normally dispersive region of a fibre. However, conversion into the anomalously dispersive region is interesting due to the potential for transforming the signal pulses into solitons and taking advantage of soliton transmission and compression. In a soliton system stimulated Raman scattering (SRS) can be employed to both amplify and temporally compress the solitons [3] . Most Raman compressors employ fibres with a high ELECTRONICS LETTERS 24th July 2003 Vol. 39 signal dispersion and a length longer than the soliton period to maintain adiabatic compression, otherwise the solitons tend to shed energy that subsequently propagates as dispersive waves [4] . Adiabatic compressors typically need a high power to propagate solitons and some form of preamplification is normally required. A lower soliton power can be obtained with lower signal dispersion, but the compression is complicated by non-adiabaticity and the presence of shed energy. This shed energy can be separated from the solitons, however, using a soliton switch such as a nonlinear optical loop mirror (NOLM) [5] .
Here XPM in HNL-DSF was employed to switch a 20 GHz train of 6 ps pulses at 1.55 pm to an anomalously dispersive wavelength. After filtering the signal pulses were amplified and compressed in a lowdispersion non-adiabatic Raman compressor. Approximately 3 ps solitons were obtained and the use of a non-adiabatic Raman compressor is analysed.
analyser
Fig. 1 Experimental conjguration
Experiment: Fig. 1 shows the experimental setup. The input pump comprised 20 GHz 6 ps pulses from a 1549.7 nm laser diode (LD) modulated in a 20 GHz electroabsorption modulator (EAM). A series of erbium-doped fibre amplifiers (EDFAs) and tunable bandpass filters (TBPFs) were used to amplify and filter the pulses. Various CW signal wavelengths were tested using either a 1558.4 nm LD or a tunable laser (TL) at 1556.2 or 1562.2 nm. The signal was also amplified and filtered using an EDFA and TBPF. The pump and signal were combined using a coupler that was 50:50 transmissive at 1.55 pm and launched into 580m of HNL-DSF. The in-HNL-DSF signal and pump (average) powers were 21 and 135 mW, respectively. Polarisation controllers (PCs) were used to optimise XPM in the HNL-DSF. The HNL-DSF had a nonlinear coefficient y = 2 1 W-' km-' and a 0.03 ps nm-' km-' sloped zero-dispersion wavelength at 1553 nm. A 3 nm 3 dB bandwidth TBPF followed by a 0.3 nm 3 dB bandwidth tunable etalon filter (TEF) were used after the HNL-DSF to filter out the wavelength-converted signal. Raman amplification and compression took place in 13.5 km of DSF with a 1553 nm zero-dispersion wavelength. The Raman pump consisted of a CW 1455 nm fibre Raman laser (FRL) that was counter-propagated against the signal using a circulator with a maximum in-DSF power of 1.1 W. An isolator was used after the filters to protect the TEF from the transmitted pump from the FRL. To separate the signal solitons from generated dispersive waves a NOLM was used.
Results: As a result of XPM in the HNL-DSF the signal was modulated and broadened to a 2-3 nm 3 dB linewidth. Filtering yielded a 0.4-0.5 nm 3 dB linewidth. Temporally the post-TEF near transform-limited pulse durations for the various signals ranged from -5.5 to 7 ps. The coupler was optimised for maximum XPM in the HNL-DSF and also to yield sufficient signal power for subsequent amplification. The pump-signal walk-off length in the HNL-DSF for 6 p s pulses was 8.9km due to the low-sloped dispersion so the nonlinear interaction occurred throughout the HNL-DSF.
The average power to form a 6 ps soliton at 20 GHz repetition rate in the DSF was up to -5 mW. However the post-TEF average powers were observed to vary from -20 pW to 3 mW depending on the filter positions. Consequently the pulses experienced dispersive broadening initially, followed by Raman amplification. As the pulses disperse, the soliton threshold decreases and if the soliton power is reached later in the DSF, compression could occur. Fig. 2 shows the durations obtained at the compressor input and output for three filtered wavelengths around a 1556.2 nm CW signal. The pentagons are the post-TEF durations for the three wavelengths. The open symbols correspond to the compressor output solitons for in-DSF FRL powers of 0 (circles), 0.5 (squares), 0.76 (triangles) and 1.1 W (diamonds). The solids are the dispersive wave durations generated under non-adiabatic compression measured alongside the corresponding open symbols. Increases in FRL power yielded compression, but sometimes from a broader initial duration due to pre-soliton dispersion. For all three wavelengths, solitons that were shorter than the input were obtained. However the compression dynamics varied due to different dispersion and post-TEF powers. The post-TEF powers in each case are indicated in the Figure. In general, close to the CW signal higher post-TEF powers were obtained but, as shown by the relatively low-powered 90 pW, 1554.7 nm signal, this depended on the filter positions. Far from the CW signal compression constituted more of a dispersion-compensating function. Close to the DSF zero-dispersion wavelength, the soliton power was lower due to the lower dispersion. The soliton period for a 6 ps soliton at 1560 nm was 2 9 h and larger for shorter wavelengths so compression was typically nonadiabatic as excessive amplification took place over each soliton period. Fig. 3a shows autocorrelations of the 1549.7 nm pump and 1557.0 nm signal for a 1556.2 nm CW wavelength without and with maximum compression (1.1 W FRL) . The pump and post-TEF signal had 5.9 and 6.8 ps durations, respectively. Under maximum compression, SRS yielded a triangular autocorrelation profile that constituted the superposition of a compressed -3 . 2~~ soliton and a -6 . 5~s dispersive wave. The dispersive wave is still prominent as it does not undergo significant broadening due to the low DSF dispersion. Also evident is a decreased amplitude and broader duration of the crosscorrelation under maximum compression due to -1 ps ofjitter resulting from amplitude fluctuations in the amplification process. Note that the signal solitons had a lower pedestal than the pump due to the regeneration process. Fig. 3b shows the effect of launching the compressor output with 1.1 W FRL power through the NOLM for a 1559.6 nm filtered signal about a 1558.4 nm CW wavelength. Clearly the solitons can be separated from the rejected dispersive waves revealing durations as short as -3 ps.
Conclusions: A wavelength converter using XPM in HNL-DSF and low-threshold non-adiabatic Raman compression in DSF was shown. 20 GHz 6 ps pulses were switched to -3 ps solitons for a range of filtered wavelengths around CW signals. Higher XPM efficiency and lower power requirements could be obtained using longer HNL-DSF lengths due to the long walk-off length. Varying levels of compression were observed in the DSF depending on the filter positions. Using a fibre Bragg grating with a circulator would allow more simpler, lowloss filtering with higher extinction [6] to reach the soliton power closer to the compressor input but such a system would be limited in tunability. The use of a low-dispersion Raman compressor benefits from a low soliton threshold and dispersive waves generated from non-adiabatic compression can be removed using a NOLM. The use of SRS also has the advantage of operation over any spectral range with a suitable pump and fibre.
